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Abstract 



We perform the analysis of the preliminary data on e + e~ — » (ft ~* 

7/0 (980) — ► 77r°7r° reaction simultaneously with the data on tt-k scattering 

and reactions J/ift —> <ftir + ir~ and K~p — ► 7r + 7r~(A, £). It is found that the 

/o(980) meson mass m fo = 950 MeV and B{<j> -> 7/0 -» 7vr 7r°) ~ 1 • 10~ 4 . 
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The peculiar properties of the ao(980) and /o(980) mesons has been the center of attention 
for years. It is well known that the standard quark model does not account for all properties 
of the a (980) and / (980) mesons, see, for example [I]. In time, all their challenging 
properties could be understood in the framework of the four-quark (q 2 q 2 ) MIT-bag model [Q, 
see 0. Besides, along with the q 2 q 2 nature the possibilities of them being the KK molecules 
and traditional qq states || ( the ss model for f meson) are discussed in the literature. As 
it was established in papers [|-|8|] the radiative decays of the <fi meson (0 — > jf — ► •ymr and 
(f) — > 7a — > jr/n) could be a good guideline in distinguishing of the f and a meson models. 
In this connection the active experimental investigation of this decays has been carried 
out with Spherical Neutral Detector (SND) and Cryogenic Magnetic Detector-2 (CMD-2) 
at e + e~-collider VEPP-2M in Novosibirsk and has been planed at 0-factory DA$NE in 
Frascati and at CEBAF. The preliminary data on this decays already has been obtained 
with SND, see 0. It follows from experiment that B(<p -> 77r°7r°) = (1.1 ± 0.2) ■ 10" 4 and 
B((f) — ► 7^77) = (1.3 ± 0.5) ■ 10 -4 for the photon energy uj < 200 MeV that points to the 
(q 2 q 2 ) nature of the a and f mesons The reasonable statistics lets to draw the nn 

mass spectra of the reaction e + e~ — > <fi — > 77r 7r°. The analysis of experimental data on this 
reaction [§ was carried out with help of the following formula (see g{m) and details in [§,§) 



dm ~ |£> /o (m)| 2 V m 2 ' 
where m is the mass of tttt system, s is the square of the total energy of e + e~ beams, the 
energy of photons to = (s — m 2 )/2y/s. 1/Df (m) is the propagator of the /o meson, 

D f0 (m) = m 2 o -m 2 + J2[^ P fo«) ~ P f»l ( 2 ) 

ab 

The sum ^^[RePJ^m 2 ^) — P^(m)] takes into account the finite width corrections of reso- 
nance connected with channels of tttt, KK, rji], r\r{ and etc. For the pseudoscalar ab mesons 
and m a > m&, m 2 > m\ one has 
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In other regions of m one can obtain the P? o b (m) by analytical continuation. 

Fitting of experimental data on e + e~ —>■ <fi — ► 77r°7r° reaction with described formula has 
given the following parameters of the fo meson || 

m fo = 950 ± 8 MeV, g) oK+K -/AiT = (2.3 ± 0.5) GeV 2 

g% w+7T -/4n = (0A±0.l)GeV 2 (4) 

that corresponds to the q 2 q 2 model |5|f|. The effective width of the fo meson for this 
parameters is r e // ~ 60 MeV ( the definition of the effective width see in ||). Note that for 
this fitting x 2 = 4.6 at 7 degrees of freedom. 

The obtained from fitting f meson mass is relatively low. This raised the active dis- 
cussion on HADRON-97 conference. It was pointed there that the mass mj- = 950 MeV 
is noticebly lower than that presented by Particle Data Group ||10|| . But, one should keep 
in mind that the mass in Eq.([|) is treated, in contrast to Particle Data Group, a la' field 
theory, i.e. as the position of an inverse propagator real part zero ( as well as, for exam- 
ple, the Zq boson mass) and, correspondingly, this mass is the physical one of resonance. 
The propagator pole for fitting @) is situated at m?^ = 0.988 — 2O.O8 GeV that is in good 
agreement with Particle Data Group ]10 . 



But there is another problem. The single resonance with mass mf = 950 MeV, as it was 
presented in fitting (||), cannot describe the mr scattering data even one takes into account 
the elastic background with additional phase 9 ~ 80 — 90°. The tttt scattering data in the 
interval 0.7 < m < 1.1 GeV can be described by only the "heavy" f meson with mass 
rrif = 980 MeV. To describe the tctt data with the "light" fo meson one needs an extra a 
resonance. 

These things considered, we present the results of the mass spectra analysis of the reaction 
e + e~ — > cf) — > 77T7T included the simultaneous two-channels description of the spectra of the 
e + e~ — > <p — > 7(/o + cr) — ^ 7vr7r reaction and the data on the inr scattering. Besides, we 
analyze the way of consistency of the fo meson parameters obtained from our fitting with 
the other available experimental data, i.e. the data on the fo meson production in the J/i/j 



decays and the data on the K~p — > 7r + 7r~(A, E) reaction. 

Our analysis rests on the previous papers, see |I]|§- We describe the tttt scattering data 
by two-channels model in which the broad (IV ~ 300 MeV) and relativly heavy [m a ~ 1.5 
GeV) resonance is considred besides the fo meson. To fit the 7T7t scattering data we write the 
s-wave amplitude of the tttt — > tttt reaction with I = as the sum of the inelastic resonance 
amplitude T™ s , in which the contribution of the /o and a mesons are taken into account, 
and the amplitude of the elastic background |]|§ 

2i6° _ i 2iS B _ -I 

T^tt -> tttt) = — - = — + e fl T_ , (5) 

where 

The elastic background phase 5b is taken in the form 5b = Op^n, where 6 ~ 60°. The matrix 
of the inverse propagator Grri has the form 



G R R>(m) 



( D f0 (m) -n /oCT (m)^ 
\-U afo (m) D a (m) j 



Nondiagonal elements of the matrix Grri[vii) are the transitions caused by the resonance 
mixing due to the final state interaction which occured in the same decay channels R — > 
(ab) — > i?'. We write them down in the following manner [|T],[5| 

n^H = E^V) + c, (7) 

a b 9Rab 

where the constant C takes into account effectively the contribution of VV, 40" and other 
intermidiate states and incorporate the subtraction constant for R — > (0~0~) — > i?' tarn- 
sitions. In the four-quark model we treat this constant as a free parameter. In this paper 
we take into account only the tut and KK intermidiate states in the matrix of inverse 
propagator. The consideration of the other states does not change our results actually. 

Making simultaneous fit of the tttt scattering data and the mass spectra in the e + e" — > 
~" *■ 7(/o + cr ) —* 1^ reaction, see Fig.l, we find that the best x 2 — 6.2 for the mass spectra 
of the reaction e + e" — ► — > 'jtctt is achieved at the following f meson parameters 



m fo = 950 MeV, 9f oK+K -/^ = 2.25 GeV 2 , 

R = 9 2 f0 K+K-/9 2 f 07T +K- = 3 - 5 - ( 8 ) 

The effective width of the fo meson is T e ff ~ 80 MeV. The branching ratio in the region 
uj < 200 MeV is B(<ft —>■ 7(/o + <?)—>■ 77r°7r°) = 1.03. The propagator pole for parameters in 
Eq.(^) is situated at = 0.998 — iO. 14 GeV. Note that we cannot describe simultaneously 
the data at masses rrif Q > 960 MeV. For mj G = 960 MeV ( in this case R = 4.0 and the 
other parameters are the same) we have \ 2 = 8-6. The total number of parameters in our 
model is 7 but we fit the three characters: the phase and inelasticity of the inr scattering 
and the mass spectra of the reaction e + e _ — > — > '-/tttt (the total number of points is 110). 
The quantity \ 2 is presented for the tnr spectra in the <p — * I^tt decay only. So, our analysis 
gives actually the same parameters as in Eq.(^). 

Besides, to clarify the question whether obtained in our fitting parameters of the fo 
meson are consistent with the other experiment we analyze the mass spectra in the fo 
meson region in the J/ip — > 07r + 7r~ ||Tl| decay. In this decay the mass spectra is determined 



by the following expression || 

D a {m) + (1 + £)II /o(T (m) + £(g a7T7T /g fo7T7T )D fo (m 



dN W7r _ ^ m 2 T fo7Tn (m) 
dm \Df (m)\ 2 



(9) 



D a (m)-U%jD f0 (m) 

where it has only two unknown parameters: £ is the relative weight of the a meson direct 
production and C is the overall coefficient. Fitting this parameters we find that the mass 
spectra can be well described with parameters obtained in the previous fitting, see Fig. 2. 
For the set of parameters corresponding to m/ = 950 MeV we have £ = 0.1, C — 9.0 and 
X 2 = 19.7 ( points number 23 ). For the set of parameters corresponding to mj = 960 MeV 
we have \ 2 — 27.3. 

So, the data on the J/tj) — > 07r + 7r~ decay support the value rrif = 950 MeV. Note that 
the data on the J/ip — > 07r + 7r _ decay cannot be described well by the single fo meson with 
the mass rrif = 980 MeV but these data are described by the single fo resonance with mass 
m h = 950 MeV. 



In a similar manner we analyze the inr spectra of the K p — > 7i + n (AS) reaction flT2 



see Fig. 3. The mass spectra in this reaction is determinated also by Eq. (|9|). The data 
on K~p — > 7T + 7r _ (AS) reaction are poorer than the data on the J/ip — > <J)tt + tt~ decay and 
consequently are not sensitive to the fo meson mass. We have, for example, the same \ 2 — 29 
for the set of parameters corresponding to the m,f — 950 MeV and m/ = 985 MeV. Note 
that for the single /o meson the data on K~p — > 7r + 7r _ (AS) reaction are not sensitive as 
well. 

So, the spectra of ttti mesons obtained in the (f> decay <p 7vr°7r° is in good agreement 
with the other experiments and the branching ratio of this decay support the hypothesis of 
the four-quark nature of the /o meson. 
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FIGURES 

FIG. 1. The result of fitting. Parameters are m fo = 0.950 GeV, m a = 1.38 GeV, 
9 2 f Q K+K-/ 47T = 2 - 25 Gey2 > 91™/^ = 1.8 GeV 2 , = -0.34, R = 3.5 and 6 = 43°. (a) The 
phase <5q. (b) The inelasticity 77° . (c) The mass spectra of the reaction e + e~ — > 77T7T. 

FIG. 2. The mass spectra of the reaction J/ip — »■ 4>ir + Tr~. C=9.0, £ = 0.1, the other parameters 
are the same as in Fig.l. 

FIG. 3. The mass spectra of the reaction K~p — ► 7r+7r~(A, £). C=6.0, £ = 0.1, the other 
parameters are the same as in Fig.l. 
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